Objective: There is concern that do-not-resuscitate (DNR) orders may lead to stroke patients receiving less aggressive treatment and poorer care. Our objectives were to assess the relationship between DNR orders and quality of stroke care among veterans.
Do-not-resuscitate (DNR) orders represent patient or family preferences for limitations in cardiopulmonary resuscitation, but are not intended to limit other aspects of medical care. Between 21% and 34% of hospitalized stroke patients have DNR orders. [1] [2] [3] [4] DNR orders may represent a constellation of complex factors including advanced directives (living wills); preadmission function; illness severity; treatment failure; serious complications; perceived futility of resuscitation; patient or family beliefs and values; and physician, community, and hospital practices. It is not surprising then that studies have demonstrated wide variation in the documentation of DNR orders between hospitals, 3, 5 reflecting these highly complex processes. 6 Several studies have shown that mortality in stroke patients with DNR orders is much higher than can be explained by the presence of preexisting comorbidities, illness severity, and other case-mix factors. 2, 3, 5, 7 One hypothesis is that DNR patients are treated differently (beyond cardiopulmonary resuscitation per se), receiving less aggressive treatment and poorer quality of care. 4, 7 Several studies have shown that patients with DNR orders receive less vigorous care, 8, 9 including studies specific to hemorrhagic stroke. 5, 10 Studies have also demonstrated that physicians are less aggressive when treating patients with DNR orders. 11 We chose to examine the association between DNR orders and quality of in-hospital care in the Veterans Health Administration (VHA). Our objectives were to characterize ischemic stroke patients who had DNR orders, and to assess the relationship between DNR and quality of inpatient stroke care in a VHA quality improvement project.
METHODS Details of the Office of Quality and Performance (OQP) Stroke Project have been previously described. [12] [13] [14] Briefly, this collaborative quality improvement project was developed by the VHA OQP and the VHA Stroke Quality Enhancement Research Initiative (QUERI) to assess the quality of inpatient stroke care in the VHA system. 14 Over 5 ,700 veterans who were admitted to a VHA facility in fiscal year (FY) 2007 with a primary discharge diagnosis of ischemic stroke (International Classification of Disease [ICD-9-CM] codes 433.X1, 434, and 436) were identified. A final sample of 5,000 patients from 131 Veterans Administration Medical Centers was obtained by selecting all veterans at small facilities (Յ55 annual stroke patients) and a random 80% sample at larger facilities (Ͼ55 patients). Patients were excluded from the cohort (n ϭ 1,035) if they were hospitalized for TIA, admitted for elective carotid endarterectomy or poststroke rehabilitation, had an in-hospital stroke, or had missing data, leaving a final sample of 3,965.
Standard protocol approvals, registrations, and patient consents. The OQP Stroke Project was approved by Human Subjects Review; because of its retrospective design and focus on quality improvement, no individual patient consent was required.
Data sources. Data were obtained by retrospective chart review undertaken by trained abstractors from the West Virginia Medical Institute. 14 Abstractors had remote access to the electronic medical record data (no paper medical records were used), and data were recorded using a computer-guided abstraction and customized reporting system. Among the 307 data elements abstracted, 90% had good or very good inter-rater agreement ( Ն70%) when examined in a reliability study conducted during the pilot phase of the study. 12, 13 Patient-level information included demographics, medical comorbidities, the retrospective NIH Stroke Scale (NIHSS), vital signs, medications, laboratory data, radiographic information, procedures, and detailed processes of care data related to 14 quality indicators (QIs). Abstractors had access to both electronic orders and progress notes and could use either source to document DNR orders. Progress notes were screened for terms consistent with DNR including "no code," "no cardiopulmonary resuscitation," "do not intubate," or "no resuscitation." Abstractors also determined on what hospital day the order was first documented. Patients receiving comfort measures only (CMO) were identified by screening the progress notes for specific terms including "comfort measures," "end-of-life care," "hospice care," "palliative care," and "terminal care." Electronic orders for CMO were not utilized. Inter-rater agreement for the DNR and CMO variables were 100% and 89%, respectively ( ϭ 1.0 and 0.78, respectively).
Development and definition of quality indicator.
A multidisciplinary VHA team reviewed available guidelines and developed 14 QIs for inpatient stroke care 12 (table e-1 on the Neurology ® Web site at www.neurology.org). The QI measures were organized into 3 phases of care: early admission/emergency department, in-hospital, and discharge-related. The early admission group included 3 indicators: thrombolytic therapy, dysphagia screening, and NIHSS documentation by the end of hospital day 2 (HD2) (where HD2 is the day after admission). The following 6 indicators addressed in-hospital care processes: antithrombotic therapy by HD2, deep vein thrombosis prophylaxis by HD2, early ambulation by HD2, fall risk assessment by HD2, pressure ulcer risk assessment within 24 hours of admission, and assessment of rehabilitation need. Discharge-related measures included antithrombotic therapy, anticoagulation therapy if atrial fibrillation (AF), lipid management, smoking cessation counseling, and stroke education. For every QI eligible patients were classified as either receiving the process of care (pass) or not (fail). Patients with CMO documented before HD2 were excluded from the 4 HD2 measures, and patients with CMO documented any time during their hospital stay were excluded from dysphagia screening and all 5 discharge-related QIs. In sensitivity analyses, we examined the impact of including patients with CMO in the 10 QIs that used CMO as an exclusion criterion. A DNR order was not used as an exclusion criterion for any of the 14 QIs.
Outcome definitions and statistical analyses. The primary outcomes were compliance on each of the 14 individual QIs (i.e., the pass rate among eligible patients), as well as a composite outcome of in-hospital mortality or discharged to hospice. We first assessed the impact of DNR status (regardless of when documented) on the QIs by comparing compliance rates (%) for subjects with and without DNR status using 2 analysis. We then evaluated the association between DNR status and quality of care using unadjusted and adjusted logistic regression models for each individual QI. Generalized estimation equation-based models were used to account for clustering within hospitals using PROC GENMOD in SAS version 9.1. All adjusted models included age (by decade), race/ethnicity, NIHSS, Charlson index, and prestroke ambulation status. Finally, we examined the timing of the DNR code status using a 3-level variable: no DNR (reference group), DNR recorded on the day of admission or the day after (0 -1 day), or DNR recorded on the second day after admission or thereafter (Ն2 days).
RESULTS
Among 3,965 ischemic stroke patients, 535 (13.5%) had DNR orders documented during their hospitalization; in 71% (n ϭ 380) the DNR orders were first documented within 1 day of admission. There were 145 patients (3.7%) with CMO, 96% of whom (n ϭ 139) were also DNR; therefore, a quarter of the 535 DNR patients (n ϭ 139; 26%) were also CMO. Six patients were CMO but did not have DNR orders documented. The proportion of patients with DNR status recorded varied greatly across hospitals; for the 112 facilities with at least 10 stroke admissions the median was 7% (mean 10%) with a range of 0%-79% (figure).
Patient and hospital characteristics that had a statistically significant relationship with DNR orders are shown in table 1 (nonsignificant variables are shown in table e-2). Patients with DNR orders were significantly older (mean 74.6 vs 66.8 years), had greater stroke severity (mean NIHSS 9.3 vs 3.8), had higher Charlson comorbidity score (mean 5.9 vs 4.6), and had higher modified Acute Physiology and Chronic Health Evaluation (APACHE III) score (mean 14.9 vs 12.2). Patients with DNR orders were also more likely to be white, to have more comorbidities (e.g., stroke/TIA, heart failure, chronic lung disease, dementia, cancer, and AF), and to have complications while hospitalized (i.e., AF, acute myocardial infarction, pneumonia). Patients with DNR orders were significantly more likely to be treated at smaller and less complex facilities; 15.1% of patients treated at facilities with Ͻ55 stroke admissions per year had DNR status, compared to 11.9% at facilities with Ն55 admissions.
The unadjusted relationships between DNR status and the 14 QIs are shown in table 2. Patients with DNR were significantly less likely to receive recommended processes of care for 5 of the 14 measures: tissue plasminogen activator (tPA) treatment, NIHSS documentation by HD2, early ambulation by HD2, cholesterol treatment at discharge, and stroke education were all lower in patients with DNR, with the largest absolute differences seen for early ambulation by HD2 (12.8%) and discharge cholesterol treatment (9.9%). Interestingly, DNR patients were significantly more likely to receive fall risk assessment by HD2 (82.2%), compared to non-DNR patients (77.5%).
Following multivariable adjustment there were few associations between DNR status and the 14 QIs that remained significant (table 3) . The most consistent finding was that DNR status was associated with substantially lower odds of early ambulation by HD2; the effect was seen regardless of the timing of the orders. We also found that patients who had DNR orders placed 2 or more days after admission were substantially less likely to receive early antithrombotics, while those patients who had DNR orders placed within 1 day of admission were less likely to undergo assessment for pressure ulcers. With the exception of anticoagulation at discharge, DNR orders were associated with lower odds of compliance for the remaining discharge-related measures; however, none of them reached statistical significance in adjusted analyses.
Figure
Proportion of ischemic stroke patients with documented do-not-resuscitate (DNR) orders by Veterans Administration (VA) facility (rank order with 95% confidence intervals)
Limited to n ϭ 112 facilities with Ն10 cases.
In-hospital death occurred in 147 (3.7%) patients while 46 (1.2%) were discharged to hospice, resulting in a composite outcome of death or hospice of 4.9%. Not surprisingly, patients who died or were discharged to hospice were significantly older (mean age 75.8 vs 67.4 years), and had higher NIHSS (mean 15.9 vs 4.0), Charlson (mean 6.2 vs 4.7), and APACHE III (mean 17.5 vs 12.3) scores. Prior history of carotid disease, heart failure, coronary heart disease, peripheral vascular disease, dementia, depression, cancer, and AF all significantly increased the risk of death or hospice (data not shown). A DNR order dramatically increased the likelihood of a poor outcome; 29.7% (159/535) of subjects with DNR either died in-hospital or were discharged to hospice compared to 1.0% (34/3430) of non-DNR subjects ( 2 p value Ͻ0.0001). The timing of the DNR order was also significantly associated with poorer outcome; patients whose DNR order did not occur until 2 or more days after admission had a substantially higher rate of in-hospital mortality/hospice (47.1%, 73/155), compared to those whose DNR orders were recorded within 1 day of admission (22.6%, 86/380) ( 2 p value Ͻ0.001). Finally, not surprisingly, CMO status also dramatically increased the likelihood of poor outcome among patients with DNR; 78.4% (109/139) of DNR patients with CMO either died in-hospital or were discharged to hospice, compared to 12.6% (50/396) of DNR patients without CMO. DISCUSSION This study found that about 1 in 8 acute ischemic stroke admissions to VHA facilities in FY 2007 had a DNR order sometime during their hospital stay. Despite observing several differences in QI compliance between DNR patients and non-DNR patients in unadjusted analyses, most of these differences disappeared following adjustment for potential confounders (i.e., age, race, stroke severity, Charlson comorbidity score, and prestroke ambulatory status). The only consistent finding was that DNR patients were less likely to be ambulatory by the end of the second hospital day. Based on these 14 QIs, which were carefully selected to reflect the quality of inpatient stroke care, 12 these findings suggest that veterans with ischemic stroke who had DNR orders were not treated differently from other veterans with stroke. However, whether health care professionals inappropriately extrapolate DNR orders to other treatment decisions that may meaningfully impact survival, such as intensive care, feeding tubes, or antibiotics (a concern that has been expressed elsewhere 11, 15 ), remains to be determined.
Despite the high level of interest in determining whether DNR patients receive poorer care, few studies have examined the quality of care in stroke pa- tients who have DNR orders. A study in England found that DNR patients were less likely to be treated on a stroke unit or by a stroke team, and were less likely to undergo brain imaging and receive aspirin treatment. 4 Although our study would appear to refute the concern that DNR patients are treated differently, it should be noted that 25% of the DNR patients in our study (n ϭ 139) were also listed as CMO and that these subjects were excluded from the calculation of 10 of the 14 QIs (table e-1). Previous studies of DNR status in stroke patients 2-4 did not specifically identify CMO patients-that is, define a separate subgroup of patients who are designated as receiving limited care-thus our results are probably not directly comparable to these previous studies. To assess the impact of CMO status on QI compliance, we undertook a sensitivity analysis whereby we included all CMO patients and recalculated the 10 QIs that used CMO as an exclusion criterion. However, because the 139 CMO subjects represented less than 4% of the total study population, this maneuver had little impact on the overall compliance rates (data not shown).
The proportion of veterans with a DNR order during their hospital stay (13.5%) is lower than the rates reported previously in other studies (21%-34%). [1] [2] [3] [4] This is explained in part by the fact that our study did not include hemorrhagic strokes which have a higher prevalence of DNR orders, 3, 4 plus our database tended to include a milder spectrum of ischemic stroke cases. 12 Our findings that veterans with DNR orders were older, had more comorbidities, higher stroke severity, and greater illness severity (as indicated by the APACHE III score) are consistent with previous reports. [2] [3] [4] We also found that DNR patients were more likely to be treated in smaller and less complex hospitals which has also been observed previously. 1, 3, 15 An analysis of over 13,000 stroke patients from 30 area hospitals in Cleveland 3 found that DNR orders were significantly less common in teaching hospitals and in those with religious affiliations. However, further analysis demonstrated that these differences were primarily explained by patientlevel factors, particularly age and race.
In-hospital mortality or discharge to hospice were relatively uncommon (4.9%) in this study population. This compares to an overall in-hospital mortality rate of 26% from the previous DNR-related study that was conducted in a single Canadian hospital in the early 1990s, 2 and 9.9% in the Cleveland area study of DNR status and stroke, which was also conducted in the early 1990s. 3 The in-hospital mortality/discharge to hospice rate of almost 30% for patients with DNR orders in our study was also lower than the rate of 40% reported in the Cleveland study. 3 The higher in-hospital event rates in these prior studies are likely due to a combination of factors including the earlier time period, longer length of stay, and the fact that they included hemorrhagic strokes. Our findings were concordant with prior studies in that the majority of in-hospital deaths occurred in patients with DNR orders; of the 193 subjects who died or were discharged to hospice, 82% (159/193) had a DNR order and 58% (113/193) were CMO. We also found that in-hospital outcomes were substantially poorer when DNR orders were not documented until at least 2 days after admission (47.1% died or were discharged to hospice). Similar findings have also been observed in previous studies; investigators from the Cleveland area demonstrated a linear increase in mortality the later DNR orders were written, 7 while another study showed that the majority of DNR orders were written within 2 to 3 days of death. 16 These findings have been interpreted as indicating that discussions between physicians and family members are occurring too late in the process 15 ; however, in some cases late DNR orders likely serve as a marker of treatment failure or serious complications, and the physician's subsequent recognition of futility and impending death. 17 Limitations of this study include that we do not know the clinical context in which the DNR orders were placed; thus we cannot identify the different scenarios under which they are placed (e.g., advanced directives vs treatment failure). We also recognize that there was substantial variation in the prevalence of DNR orders across the different VHA facilities, which suggests that the process of documenting DNR orders varied across institutions, a conclusion that is consistent with prior reports. 3, 5 It is also possible that the effect of DNR orders on processes of care may differ between hospitals, especially those that differ greatly in size or the capacity to deliver advanced stroke care. Unfortunately, the variability in the documentation of DNR orders across hospitals prevented a full exploration of these potential interaction effects (data not shown). We have already noted that our quality of care indicators are limited to 14 carefully chosen stroke processes of care, which do not represent the full constellation of treatment decisions made during any inpatient stay. Other unmeasured care processes, particularly those that reflect potentially life-sustaining treatments such as intensive care, feeding tubes, or antibiotics, may better reflect the impact of DNR orders on treatment decisions and quality of stroke care. As with all VHAbased studies, these findings are specific to veterans and should be generalized to non-VHA centers with caution. Finally, we note that the performance on several quality measures, including tPA treatment, dysphagia screening, NIHSS assessment, and stroke education, were poor for all VHA patients regardless of their DNR status, indicating the need for ongoing quality improvement efforts within the VHA. 12, 18 We found in acute ischemic stroke patients treated at VHA hospitals that DNR orders were a very strong indicator for poor patient outcome, but that they were not associated with clinically important differences in the 14 QIs investigated. However, whether VHA professionals are inappropriately extrapolating DNR orders to other potentially lifesaving treatments resulting in inappropriate omissions of care requires additional exploration. Further studies are required to obtain a greater understanding of 1) the quality of DNR-related discussions in different VHA facilities, 15 2) the policies that contribute to the wide variability in DNR documentation between facilities, 3) whether the effect of DNR orders on quality of care varies between hospitals, 4) the clinical context, patient and family preferences, and decision making associated with DNR orders, and 5) the impact of DNR orders on the full range of potentially life-sustaining treatments and interventions.
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